Indicator organisms are used to assess public health risk in recreational waters, to highlight periods of challenge to drinking water treatment plants, and to determine the effectiveness of treatment and the quality of distributed water. However, many have questioned their efficacy for indicating 
INTRODUCTION
Indicator-pathogen pairs were retained only if their correlations were explicitly recorded and correlation analyses were not performed on grouped data across water types (e.g. freshwater and sewage). Some water environments were not considered (i.e. groundwaters, treated drinking waters and sand/sediments). Groundwaters, treated drinking waters and waters from drinking water distribution systems were not considered because of the relatively low frequency of pathogen detection. Pathogen correlation with indicators in groundwaters was recently addressed by Payment & Locas () and supports the exclusion of waters with low levels of contamination from the current analysis. They did not observe any direct correlation between indicators and pathogens and stated that correlations should not be expected in such waters given the dilution, persistence and low probability of the presence of infected hosts at any given time. Sediments and sands were not considered because environmental monitoring for regulatory purposes is limited to the water phase.
Once the cases of interest were found, the specific types of indicators and pathogens were recorded along with their relationship (significantly correlated or not), geographic location, the method used for pathogen detection and enumeration, water type, the statistical method used for correlation analysis, the year of publication, the number of 
Statistical analysis
The collected data were primarily analyzed using SPSS 15.0 software (SPSS Inc., Chicago, IL, USA) for the descriptive statistical analyses, such as total number of cases, the types and frequency of indicators and pathogens, etc. The association between indicators and pathogens and its statistical significance was examined by logistical regression.
A general model for logistic regression can be written as:
where y is the dependent variable, which is in binary data format. Namely, if there is a significant positive correlation corresponding to an indicator-pathogen pair, y is equal to 1; otherwise y is equal to 0. β 0 is the intercept; β 1 , β 2 , … , β j are the regression coefficients and x 1 , x 2 , … , x j are independent variables. Nine independent variables were considered in the logistic regression model: (1) 
Geographic analysis
A geographic information system (GIS) was used to analyze the potential geographic variation of indicator-pathogen relationships. For each case, a geographic coordinate was assumed based on the description of the study area in the paper. The error between the assumed location and the real location can be neglected since the scale of our study is the global scale. All of the cases with detailed information, including the indicator, the pathogen, water type, correlation, source of the data, etc., were stored in a database file and then displayed in the GIS basemap (world map) as a point layer.
The projection of the basemap is GCS WGS 1984. The GIS software used in this study was ArcGIS 9 with ArcMap 9.2 (ESRI, Redlands, CA, USA).
RESULTS AND DISCUSSION

Description of the data
Five hundred and forty independent indicator-pathogen pairs were retained in the dataset. Indicators among the pairs included total coliforms, fecal coliforms, fecal streptococci enterococci, E. coli, C. perfringens, heterotrophic bacteria, aerobic spores, spores of sulfite-reducing bacteria, somatic coliphages, male-specific coliphages and phages infecting Of the 540 cases in the pathogen-indicator dataset, 223 cases showed that indicators and pathogens were correlated and 317 cases showed they were uncorrelated. The most frequently used indicators were fecal coliforms (126 cases, or 23.3%), total coliforms (95 cases, or 17.6%), fecal streptococci (55 cases, or 10.2%), enterococci (46 cases, or 8.5%), C.
perfringens (43 cases, or 8%), F-specific coliphages (including F-RNA coliphages, 40 cases, or 7.4%), E. coli (40 cases, or 7.4%) and somatic coliphages (30 cases, or 5.6%). The most frequently pathogens studied were Cryptosporidium (92 cases, or 17%), Salmonella (92 cases, or 17%), enteroviruses (63 cases, or 11.7%), Giardia (59 cases, or 10.9%), Vibrios (53 cases, or 9.8%) and adenoviruses (23 cases, or 4.3%).
Association of indicators and pathogens
The number of correlated and uncorrelated cases for each individual indicator type with all pathogens is shown in parvum is described as ubiquitous, it is described as capable of infecting most mammals (Griffiths ). Vibrio cholerae is not described as having significant reservoirs other than humans, although shellfish can harbor V. cholerae once a water body has been contaminated (AWWA ). 
Effect of water type and pathogen sources
The indicator-pathogen pairs were collected from studies of a variety of water types, including river, lake, reservoir, pond, estuary, coastal and marine waters, and wastewater.
The water types were reclassified by grouping cases into three classes: fresh water, brackish and saline water, and wastewaters. Among 540 cases, 230 cases were from fresh waters, 205 cases were from brackish or saline waters and 105 cases were from wastewaters. As shown in Table 5 The sources of pathogens include urban stormwater, agriculture, sewage, septic tanks, wildlife and others. In general, these sources fall into two groups: non-point sources and point sources. As shown in Table 5 For example, the overall incidence of Giardia infection in the United States is estimated at 2% of the population (FDA ). Thus, only 2% of the population would be shedding coliforms, enterococci and Giardia at any given time.
Conversely, 98% of the population would be shedding coliforms and enterococci, but not Giardia.
Effect of sample size
Among nine factors included in the logistic regression model, the most important factor was found to be the number of samples positive for the given pathogen (p < 0.001). Figure 2 (a) shows an increase of the percentage of These results may reflect study design and intensity.
Studies that included locations subject to microbial sources containing both indicators and pathogens are likely to routinely reveal the co-location of pathogens and indicators.
Locations subject to sources which contribute only indicator organisms would be expected to contain only indicators repeatedly.
Influence of detection methods and study years
The pathogen detection methods generally fall into four classes: (1) conventional methods; (2) molecular methods;
(3) immunoassays and (4) combined methods (for example, conventional and molecular methods). Among these, pathogens were detected using conventional methods in 308
cases, accounting for 57%. Molecular methods and immunoassays were used in 90 and 117 cases, respectively (Table 6 ). Combined methods were used only in 19 cases.
The logistical regression analysis shows that the convention- 
Influences of statistical methods used
Multivariate analyses on the data demonstrated that the type of statistical method used for data analysis influenced whether or not pathogens and indicators were reported as 
Geographic distribution of cases
The geographic distribution of cases of pathogen-indicator correlation studies is shown in Figure 3 . Based on the map, the studied areas were mostly distributed in North America and Europe, while very few studies were distribu- This supports the need for sizable site-specific monitoring efforts in order to more accurately define local public health risk.
